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BIOPQLYMER FORMJIATICNS AND PROCESSES FOR PREPARING THEM 
The present invention relates to a bicpolymer formulation 
and in particular to a polysaccharide-<x^taining water in oil ^ 
enulsicn, a process for preparing such emulsions and a process 
for concentrating it. 

Polysaccharides play an important role as basic materials 
for the food industry. However an increasing interest for other 
applications is being developed, such as in pHntjpg ink, 
wherein they act as thickeners. In particular because of their 
ability to thicken these polysaccharides are now also applied in 
enhanced oil recovery operations and also appear to be very 
useful in drilling fluids and ocnpletion fluids at oil 
exploration sites ^ Since highly concentrated aqueous solutions 
still only contain up to ten percent by weight of these 
bicpolymers transport over long distances is not very economic 
especially when large amounts, required for enhanced oil 
recovery operations, have to be transported. Furthermore highly 
concentrated aqueous bicpolymer solutions are difficult to 
handle because of their high viscosity which may cause pumping 
problems and losses when discharging containers. Therefore 
methods are being developed to obtain concentrates containing a 
higher percentage of the desired material in order to decrease 
the transport costs and improve the handability. UK patent 
application 2018300 describes dispersions in oil of thickening 
agents such as xanthan polysaccharides which can reach 
concentrations of up to 40% wt of the thickening agent. In 
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order to prepare such dispersion one uses the biopolyner in 
powdered form as a starting material. 

However handling of powder i* not entirely without 
difficulties. Dust problems inherent to the handling of povders 
and the fact that the powder has the tendency to clot when 
brought in contact with the dispersing liquid make the powder- 
form less attractive. It has now been found that bicpolymer in 
oil emulsions can be prepared having a concentration of 
polysaccharide which is much higher than 40%wt and which 
aiulsions appear to be surprisingly stable. Tr* present 
emulsions can suitably be prepared fran aqueous solutions of 
polysaccharides having a concentration of up to about ten 

percent by weight. 

Furthermore, it is a characterising feature of the present 
invention that polysaccharides are substantially present in the 
enulsion in the form of globules or droplets which are still m 
a more or less swollen state and which, as is believed, makes 
them dissolve into water more easily than substantially 
-water-free particles, -mis characteristic of the present 
emulsiaTis especially in enhareed^cpera^ and when the 
enulsion is used e.g. in drimrg jmgs^ar^^ 
"fluids - very important, because for those applications 
^flowing and easy water dissolvable polysaccharide 
formulations are required. In conventional dispersions of 
polysaccharides derived from dry polysaccharide powder, the 
biopolyner particles are substantially water-free and therefore 
dissolve more slowly into water, ^y tend to stick together 
thus forming clots. Furthermore filterability problem can 
arise when dispersions are rehydrated. 

^rdingly the present invention provides a bicpolymer 
water in oil elision comprising 1-70% wt polysaccharide « the 
form of water-swollen particles, 10-60% wt hydrophobic liqurd, 
5-60% wt water and l-25%wt emulsifier. 

Sferile the bicpolymer water-in^il elision ccnpnses 

in addition to 30-65% wt polysaccharide, 15-40% wt hydrophobic 
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liouid, 5-25% wt water and 5-25% wt enulsifier, and 1-15% wt 
stabiliser. Iha emulsion accordingAo the present invention may 
optionally contain mixtures of two or more enuls^fying agents 
together with mixtures of two or more stabilising agents. 

Drulsifier^aa-suitably be selected fran non-ioruc lake 
alkylphenol- ethoxylates, ethoxylated long chai* fatty acids, 
polyethylene glycol xrono^leates, polye thy leneglycol -ideates, 
polyethyleneglycol-laurates, sorbitan fatty acid esters such as 
the "Span" (registered trade mark) ennlsif iers , which are 
enulsif iers of the German corpany Atlas Chsnie QifaH f especially 
-Span 80- which is sorbitan mono^leate and ethoxylated linear 
alcohols like "Dobanol", a trade mark of Shell. "Dcb-nol" 
stands for a series of synthetic primary fatty alcohols having 9 
to 15 carbon a tons. Further examples of suitable anulsifiers 
are the product fran the company ■ MBOi^wWtai»^tw>- 
laurate, sorbitan^palmitate ax* sorbitan-ncno-stearate sold 
under respectively the trade marks "Anrotan" ML, -Anrotan" MP 
and "Aoiotan" MS. Also the ethoxylated versions of the above 
co—onds are suitable. Those are sold under the trademarks 
"Arrootan" PML20, Arnotan PMP 20 and Anrotan PMS Further 
aginations of the ethoxylated and ethoxylated enulsifxers 
Mght be used. Sorbitan fatty acids can suitably be ccnbined 
with poly- cxyethylene sorbitan fatty acid esters. Other 
exanples of non-ionic eaulsifiers can be tad in the grc*p of 
the ethoxylated octyl- and nonylphenols and the ethoxylated 
alcohols- 

Cationic enulsifiers liXe ethoxylated fatty ^ 
priory fatty anunes or ether a^ne. tyf* of e^sifiers ^ch 
axe oil soluble can also be applied for preparing » biopoly^r 
, in oil emulsion. "Ethanes" and "Araenes- of Akzo Cheme 

KederlaM b.v. based^Ile*. cccoo. soya and o!eic orl such 
as -Ethcneen T12" (registered trade ^Ubi^^S/) - 

are very suitable examples- 
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Preferably the enulsifier is selected frcm the group 
consisting of sorbitan-mono-oleate, sorbitan mono-laurate , 
ethoxylated alxy lphenol , sorbitan-nono-pa Imitate , 
sorbitan-nono-stearate and/or the ethoxylated derivatives 
thereof, poly-isobutylene-naleic-anhydride-triethylene- 
tetraamine, bis( 2-hydroxy ethyl) ta llovramine , tajjowamine or 
combinations thereof. 

A prefered combination of non-ionic emulsifiers is a 
mixture of sorbitan mono^oleate and sorbitan mono-laurate and an 
ethoxylated aUcy lphenol and/or a mixture of poly-isobutylene- . 
maleic- anhydride- triethylene- tetraamine and bis (2-hydroxy- 

ethyl) tallcwamine . 

" Stabilisers which appear to be highly suitable are selected 
fran the group consisting of polyaUcylnethacrylates , 
polyalkylacrylates , copolymers of alkylacrylates with vinyl 
pyridines and copolymers of aUcylmethacrylates with vinyl 
pyridines. Their composition and their molecular weights may 
vary considerably. Typical examples are: 

a copolymer of C20/22-acrylate and minor amounts of 
C16/18-acryLate having a weight average molecular weight 
(Mi) of 200.000 - 500.000 and a number average molecular 
weight (Mn) of 49.000 - 76.000 as a ca. 50%w solution in 
toluene or xylene; 

the toluene solution (40%w of active matter) of a copolymer 
of C20/22-acrylate (89.4%w) and 4 -vinyl pyridine (10.6%w) 
having a Mw = 70.000 to 270.000 and Mn = 25.000 - 55.000; 
a 40%w concentrate in an HVT-oil 60 of a copolymer of 
Cl6/18-alkylmethacrylate (44.5%w), Dobanol 25-nethacrylate 
(10.0%w) and Linevol 911-methacrylate (45.5%w) with Mw = 
40.000 - 600.000 and Mn = 20.000 - 150.000; 
a copolymer of C16/18-alkylmethacrylate (21.6%w), Dobanol 
25-itethacrylate (54.9%), Linevol 911-methacrylate (18.1%w) 
and 4-vinyl pyridine (5.4%w) with molecular weight Mw = 
155.000 - 200.000 and Mn = 60.000 - 80.000 as a ca. 55%w 
concentrate in a mineral oil; 
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a copolymer of C16/18-aUcyineithacrylate (4.0%w), Dobanol 
25-methacrylate (76.7%v) , Linevol 911-methacrylate (8,2%w) 
and methyl methacrylate (11. l%w) with ttv = 105.000 - 
140,000 and Mn = 40,000 - 60.000 as as 60 - 65%w solution 
in a mineral oil; 

copolymers of C16/18-aUcylmethacrylate (30.1%w), Dobanol 25 
methacrylate (47.8%w) and 2- or 4 -vinyl pyridine (22.1%w) 
with tt* = 40.000 - 65.000 and Mn of ca. 22.000 as 44%w 
solutions in xylene, 

"Dobanol 25" is a mixture of prijnarily prirtary lineair 
C12/15-aloohols. "Linevol 911" is a mixture of primarily 
primary C9/ll-alcohols. 

Other additives, such a dispersing agents can suitably be 
present in the water-in-oil ermlsian according to the invention 
in order to enhance the dispersibility of the fomulation. 
Hydration tine is shortened and the viscosity development is 
enhanced and is faster when dispersing agents are used. 

Suitable dispersing agents are hydrofilic surfactants, 
known to those skilled in the art, like ethoocylated 
alkylphenols and ethoxylated alcohols sulfonates. Preferred 
dispersing agents are selected frcm the group consisting of 
"Nonidet - NP50", Dobanol or ccnbinatians thereof. 
"Nonidet-NP50" is nonylphenol ethaxylate. 

Preferably the polysaccharide is derived frcm 
nricro-organisns like Xanthononas can^je stris NCT311808, 
Xanthononas campestris NCIB11854, Pseudanonas sp. MZIB11624 and 
Pseudomonas sp, NCIB11592 since these microorganisms are 
center cially readily available. 

However the polysaccharide may also be suitably produced by 
other micro-organisTs like Xanthononas phaseoli , Xanthononas 
caxotae, Xanthononas beqaniae , Xanthononas meanae , Xanthononas 
malvacearum , Xanthononas vesicatoria , Xanthononas papaverioola , 
Xanthononas incanae f Xanthononas trans lucens , Rhizobium 
meliloti f /'Alcali genes faecalis var. iwxooenes, Acrrobacterium 
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^ci^ t Aorobacterium radi^acter, and ^bacterinn , 

^polysaccharides is suit&ly applied in the form of an 
aqueous solution which may be obtained by ultrafiltrating and 
optionally concentrating of a fermentation broth, as described 
in European patent application 81201026.2, and/or enzyme 
treatment, as described in European patent application 
81200414.1, and/or enzyne/ surfactant treatment, as described in 
European patent application 82201253.0, and/or contacting the 
fermentation broth with particles of solid siliceous material at 
an adsorption - enhancing pH, as described in UK patent 
specification 1598594. 

Preferably the polysaccharide is derived from a clarified and 
optionally concentrated fexrentation broth being an aqueous 
itatiai. substantially free fron cellular debris vhich contain 
3_ 25 %wt of polysaccharides. An enrols ion prepared fron this 
starting material may therefore contain as law as l%wt 

s ^ t3 £erSdrc^ liquid which enccnpasses aliphatic and 

^Kr insSnoe hydrocarbons lite a ^1 oU. a tercs-e or 
a ^ta are suitable so are organic hydrocarbons like benzene, 
.^ene and tolene. M oilphase on the basis of branched 
hydrocarbons for instance' on the basis of iscparaffms « 
p^Ty suitable, ^rthar water i^scible alcohols hav^ 
^20. preferably 8 to 12 carbon-atar. . ve,etable oUs suoh as 
oomoil. peanut oil. soybean oil. and sunflower Ml. 
esteralcohols. polyoletbers or other heteroa ^ 

for instance siliconoils M y suitably be used as wall, 
halojenated hydrocarbons have also been fo^d useful. 
Preferably thej^ydrophobicj^quid is a white spirit or a 

mucture of white spirits. 

A preferred elision according to the present xnventaon 
prises orrises 30-60*vt polysaccharide derived fro- 
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^stris NOT 11808. ^SBSLJS^^ «™ 

11854, Pseutonon" * ^ ^ 5-20% of a 

11M2 , 25^415^0^^^ '^--^ ^^te and/or 

o£ sortatan ^"^.^^ae-triethylene- 
a mixture of poly-isobutylene-^aleic-anyon 

^ - -^=2^^^ can be 

prepay, usina ^slfication *™ ^ 

"present invention further I-^^V^EL*-*- 
L^afteraU^-^^^^^ - 
aescrired has been ^^-^T^ „ hereby the size of the 

*L^5>^?*^*££ elisions 
a finer emalsion is obtamea. 

accord to the present ^'^^actants ^ ^ 

e.^^^^™' J^^L*»re the viscosity 
topiets up^ dissolution » »ter. ^ oi i 

viscosifiers, «hi=h are of the 

thickeners can he 1**- » ""^T^ stability. 

stable e^les of ^SS^^ « ^ treated to 

^^^r^TtMCe^rs vMch ^ be suitably 
^ate than organofiuUc. oner ^ the UXe. 

^ are coUoiaal si ^ ^ 

°— eUUy '^.r^Il thicks indu* «talUc 

<by **<*-»)• ^ TOM carboxyUc acids, 

^ps, such as the -ul -Its of ^ ^ - ^ . ^ 

present ^ ^ of . h ^ ly ^ pulsion 

as described hereinbefore. Such 

stance a prnitiiyg ii*. fioctog material which 

Preferably the aqueous syste* st ill further the 

55 isu^i.^oilrecov^^ons. 
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present invention provides a process for concentrating a 
biopolytmr emulsion as hereinbefore described which comprises 
racing water fron the pulsion 4 evaporation under reduced 
pressure and at eleveated temperature in order to get a higher 
concentration of biopolymers in the water in oil enulsion. 
Preferably the process is continued until the concentration of 
the biopolyners is in the range of 35-45%wt since it appears 
that at a concentration in that range the emulsion is most 
easily hydrated than at higher concentrations. However if 
desired further concentration towards 70%wt can be achieved. 

Tte emulsion may also be concentrated by other evaporation , 
techniques lite azeotropic distillation, vacuum drying, spray 
drying and microwave drying. 

Still preferably the concentration is achieved by filn- 
evaporation which may suitably be carried out with a falling or 
climbing film-evaporation and/or wiped film evaporation. 

,tost preferably evaporation is carried out in a rota vapor 
or a wiped film evaporator. In the present process the reduced 
pressure is preferably in the range of l-50nrn Bg and the 
t^perature is in the range of 40-1 20 °C. The residence ttoe of 
the bicpolymer enulsion in the film^vaporation equipment is 
short and suitable in the range of 1-20 min since longer 
residence times at higher temperatures might harm the 
biopolymer. 

If the biopolymer emulsion appears to contain relatively 
coarse (0,1-Sm.) biopolyrmr droplets which may not be desired 
than the biopolyner emulsion is preferably subjected to a shear 
treatment or processed through a colloid mill in order to obtain 
an emulsion containing finer biopolymer droplets. 

The present invention will be further described with 
reference to the following Examples. 
Example 1 

2 g "Span 20" (sorbitan-mono-laurate) and 
2 g "Span 80" (sorbitan-^no^leate) + 196 g white spirit 
5 ("Shell Q3312") were minced in a beaker glass. 200 g (9%wt 
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Xanthan biopolymer aqueous conoentrate, obtained by 
ultra-filtration) was added whiW using an ultra turrax mixed 
for 1 minute. An enulsion was obtained and appears to be stable 
at 20°C and 60°C for at least three weeks. 
Exanple 2 

1,6 g "Span 20" and 1,6 g "Span 80" + 197g white spiri t ("Shell 
Q5911") were mixed in a beaker glass, 200g Xanthan biopolymer 
aqueous concentrate (9%wt) was added, while using an ultra 
turrax mixer for 1 min. An enulsion was obtained which appears 
to be stable at 20°C and 60°C for at least three weeks. 
Exanple 3 

An emlsion was prepared according to Example 2 hcwever with the 
difference that 0,8g "Span 20"^2 / .4g..'SJpan-80" were used. A 
stable enulsion was obtained which was stable at 20 °C and 60°C 
for at least three weeks. 
Scanple 4 

An enulsion was prepared according to Exanple 2 however with the 
difference that 2,4g "Span 20" + 0,8 g. "Span 80" were used. A 
stable enulsion was obtained which was stable at 20°C and 60°C 
for at least three weeks. 
Exanple 5 

The enulsion prepared in Example 2 (first part) , is concentrated 
by neans of a rotating evaporation device at a pressure of 
30- inn Hg and (an oil bath) tenp. of about 60 °C. An enulsion 
with a final biopolymer concentration of 69%wt was obtained. 
Example 6 

4gr Poly-isc^tylene-tnaleic-anh tetraamine and 

196 g white spirit ("Shell Q3312") were mixed in a beaker glass, 
200g Xanthan biopolymer aqueous concentrate (9%wt) was added 
while using an ultra turrax mixer for 1 minute. An enulsion was 
obtained, which was stable at 20°C ard 60°C for at least three 
weeks. 
Exanple 7 

Procedure as Exanple 6, however, hydrocarbon liquid is xylene. 
A stable enulsion was obtained. 
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3g poly isobu y ^ m . ^ ^ ^ 
197 g white spirit Shell Sol respectively 

in Example 6. Stable elisions with Shell Sol 
5 -Shell Sol AB" were obtained. 

££*Eil2 . . ^- role 8 were concentrated as 

Wsions preparea as m ^<^ le 8 ' 
desert in Dcanple 5. Scions with a bic^r 
concentration of 58%wt resp. 61%wt were obtained. 

10 soirit ("Shell Q 3312") + 2g -Ed—enTir were - 

^ in a beaker glass. j ^ 

(9%wt) was added with an ultra turrax rocex 

, • „ a * 9 0 oc and 60°C for at least three 
gave a stable emulsion at 20 C ana ou 

^ weeks. 

^'f^reoared as i» 8 but with *ite spirit ("Shell 

prepared as u » ^ 5 mtil . ^tration 

n 3312") is concentrated as in z**» . 

L^iL*-*. * of 36%wt ~ 

f nr at least four weeks. 
2Q ambient temperature for an 

Exa"P le l - _ , . +h , conbination of 

risU^to^thyDtallo^ i» spxrxt ( Shell 

25 or "Shell Sol T". 

P""^ 16 - . „ is concentrated in a 

Wsion prepared as » *^le «» » oU 

wipeJ-fitartvaporaUon at a pressure of 1™ "3 

^ texture of until a concentrate o, poly 

,0 saccharide was reached of 26*wt. 

f^L was prepared * ^ ^JTJ^^ - 
Wdet-^SO- 1.0, -pol^thacrvlate ^J^^ 

r ^ucoi "to" 200g Xanthan biopolyner aqueous 
186g Shellsol TO . *uug added> 
, 5 9%wt derived fro, Xar.th^onas canpestris NOB 1185 
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while using an ultra turrax mbcer for 1 min. After 
concentration in an evaporating device an enulsion with a 
concentration cf bicpolyner of Sfr* was obtained which appears 
to be stable at 20°C and 60°C for at least 12 weeks. 
Furthermore this pulsion appears to hydrate extremely fast and 
complete and is in this respect far superior to a typical 
Xanthan powder lilce "Kelzan XCD". 
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CLAIMS 



„. eT ._: n ^il etulsion comprising 
Bicpolyner water ^ fom of ^-svollen 

1 - 70%wt polysaccharide m trie 

particles 

10 - 60% wt Hydrophobic liquid 
5 - 60%wt water and 

which ccnprises 

30 -65%wt polysaccharide 

15 -40%wt hydrophobic liquid 

5-25%wt water 

5-25%wt enialsifier and 

l-15%wt stabiliser which 

«» ^sifier is selected fron ettacy lat*d 
^itah-Kor^leate. sorbin ^"***' 

^i^tions thereof. x or 2 in vhich 

4 . BiopolV-r e^sion as - ^ 

a mixture o£ poly isocury 

^a^dx. «* « o£ the d*- >« 
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f TlkvlacrYUtes with vinyl pyridines and 

""^J^- claimed i» any one of tt. claims « 
Bil *olyrer ewlsxon as x^ntJscrS 
ta AiA the ^lysacd^xde j^-^ ^ 4 ^ 

— vy-tr 11624 arri P seudomonas sp. 

p^gudoronas sp. NCIB ai» ^ 

contains 3-25%wt polysaccharide. w 
Biopoly «r erulsion as claimed in any one of the c 

„ v*uch the "S^*"" 110 ^ 220-C and a 

hydrocarbon solvent boilu* eeween 
solvent teUi* be^en 

*- ** ^ ^^Til se^fra. the group 
the high boiling solvent is 

o-i^ of -0-ina Qf ^ elalro s !-9 

!fSs sp NC3B 11624 arrf/or Ps^da^ 
NCIB 11854, Pseodcxicoas sp. ^ 
„. «» 11592. «t of *if spirit. «» 

^ of a of ^^^lene^leic- 

^iaurate and/or a mixture of poly ^ * „. 
^ydride-triethylene-tetraamne and bis (2 hydxoxye 

u . Biop3ly «r ^ as cl^ » ^ £iot 

w , vfcich ■*» 20", 3-8%- 

^^otonas ca^estrxs 15 _ 2 5%wt "Ortoa 

^—^50-, 1-3%* pol^thacrylate, 15-25 

15- arvl 3-10%wt water. 
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12 Biopolyner emilsicn as claimed in any one of the claims 

. ' 1-11 in which the elision corpses a surfactant select^ 
from the group consisting of ethoxylated al^lphenols. 

13 Biopolyner enulsion which is obtain after a biopolyner 
enulsion as claimed in any one of the claims 1-12 has teen 
subjected to a shear treated or to milling in a colloid 
mill whereby the size of the polysaccharide droplets is 
subtantially reduced. 

14. Biopolyner enulsion as described herein fore with 
particular reference to the Examples. 

15. An aqueous systsn whenever thickened by the incorporation 
of a biopolyner enulsion as claimed in any one of the 

claims 1-14, m . 

16. A thickened aqueous system as claimed in claim 15 which is 
a flooding material used in enhanced oil recovery 

operations. m : : 

17. A process for concentrating a biopolyner emulsion as 
claimed in any one, of the claims 1-14 in. which water from 

. the emulsion i* renoved by. evaporation under reduced 
" pressure and at elevated temperature. 

18. A process as clained.in claim 17 in which water removal is 
c^tinued. .until the . concentration of the biopolymers in the 

" " - emulsion is in the. range of 35-45%wt.- 

19 A process as claimed , in claim 13 in which _the_ evaporation 

is" carried" out in a rota vapor or a wiped film evaporator^ 
20. • A process as claimed in claim 16 or 17 in which the reduced 
pressure is in the range of l-5Gnm Hg and the temperature 
is in the range of 40-120°C. 
21 A process as claimed in any one of the claims 16-20 on 
which the biopolyner emolsion is subjected to a shear 
treatment or processed through a colloid mill. 



i 
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A process substantially as hereinbefore described with 
particular reference to t& Exanples. 



